INTRODUCTION
Visceral leishmaniasis (kala-azar) is a vector-borne parasitological disease transmitted to humans by the bite of an infected sandfly. The disease manifests with fever, asthenia, weight loss, anemia, pancytopenia, and splenomegaly, and it is fatal without effective treatment. Approximately one-fifth of the estimated 500,000 annual incident cases worldwide occur among the rural poor of India, Bangladesh, and Nepal. 1 In India, an estimated 165.4 million people are at risk of the disease, and cases have been reported in 52 districts. Disease underrecognition and poor access to medical facilities and treatment contribute to uncertain mortality figures. 2 Kala-azar transmission in India is anthroponotic; successful treatment of infected humans, therefore, advances diseasecontrol efforts. 2 However, ineffective and incomplete treatments hinder these efforts, with the latter contributing to parasite resistance to the limited drugs currently available. 3 New drugs or compounds are unlikely to become available in the near future because of under-funding and non-prioritization of kala-azar research and development initiatives. 3 Current efforts, therefore, focus on the identification and delivery of an effective, safe, and affordable treatment option from the existing drug regimen.
In Bihar, studies have identified drug resistance and toxicity of existing kala-azar treatments. Parasite resistance to sodium stibogluconate (SSG), a pentavalent antimonial and current first-line treatment of kala-azar in many endemic countries, has been proven, with fewer than 50% of patients achieving cure. [4] [5] [6] [7] [8] Moreover, sporadic availability, toxic and fatal side effects, and a 30-day painful intramuscular delivery contribute to poor adherence to the SSG treatment regimen and high healthcare costs. 4, 9, 10 Miltefosine (Impavido; Paladin Laboratories Inc ., Quebec, Canada), an orally administered antileishmanial drug, cannot be used in women of childbearing age unless contraception is used for the duration of therapy and an additional 2 months after because of its teratogenic potential. 3, 11, 12 Treatment with miltefosine is also associated with gastrointestinal side effects. [11] [12] [13] Amphotericin B deoxycholate (Nicholas Piramal India Limited, Mumbai, India), requiring prolonged treatment and hospitalization with clinical and laboratory monitoring, is associated with adverse events, high treatment cost, and inconsistent availability in India. 3, 14 Paromomycin (Gland Pharma Ltd., Hyderabad, India), a well-tolerated and effective aminoglycoside antibiotic, is currently being assessed in a phase IV clinical trial. It requires an inexpensive 21-day intramuscular injection course; treatment may be potentially affordable because of lowered costs through local manufacturing. 14 Liposomal amphotericin B (AmBisome; Gilead Sciences, Foster City, CA) has a relatively short treatment course and causes minor adverse events (e.g., fever and/or rigor). 15 Encouraged by its high efficacy and low toxicity, the World Health Organization (WHO) selected liposomal amphotericin B as having the highest therapeutic index of existing antileishmanial drugs. 16 Previously, liposomal amphotericin B was available at 30 times the cost of conventional formulations 17, 18 ; the current preferential cost of 20 United States dollars (USD) per 50 mg vial 16 remains unaffordable for the impoverished. In India, efficacy and safety of liposomal amphotericin B have been studied at a range of total dosage. 15, [19] [20] [21] [22] [23] Prior assessments varied from 3.75 mg/kg body weight to 15 mg/kg, with 89-100% shown efficacy. Thakur 22 reported a single 15-mg/kg dose to be well-tolerated and effective, whereas Sundar and others 20 showed the potential of a 7.5-mg/kg single dose and reported a 90% cure rate. Single-dose liposomal amphotericin B at 10 mg/kg has been shown to be non-inferior to conventional amphotericin B in a phase III clinical trial. 24 To date, however, a common limitation of published studies to show efficacy and safety of 20 mg/kg liposomal amphotericin B has been the small patient cohort.
In collaboration with Indian health authorities at the national, state, and district levels, Médecins Sans Frontières (MSF) diagnoses and treats kala-azar patients at the Sadar District Hospital in the municipality of Hajipur, Vaishali District, Bihar State, India, a major epicenter of the disease. Throughout Vaishali District, Indian health authorities have replaced SSG with liposomal amphotericin B as the first-line treatment of kala-azar. As optimum liposomal amphotericin B Effectiveness and Safety of Liposomal Amphotericin B for Visceral Leishmaniasis under Routine Program Conditions in Bihar, India dosage remains inconclusive, the treatment is administered according to the current WHO recommendation: a total dose of 20 mg/kg administered intravenously at 5-mg/kg doses on days 0, 1, 4, and 9. 16, 25 Through the prospective monitoring of patients treated with liposomal amphotericin B, this study aimed to contribute to the knowledge base for kala-azar medical management in Bihar. We hypothesized that a total dosage of 20 mg/kg over 10 days, if determined to be effective and safe under routine program conditions, could be benchmarked for recommended use in India while lowered drug increments are assessed in future studies. Because impoverished patients in high-prevalence regions are currently unable to afford a complete treatment course of liposomal amphotericin B, a lowered dosage and shorter treatment course, in mono or combination therapy, may broaden access to treatment by lowering drug-procurement and hospitalization costs and reducing the number of lost workdays for patients and caregivers.
The National Vector-Borne Disease Control Program and the Health Ministry Screening Committee of the Rajendra Memorial Research Institute of Medical Sciences (RMRIMS) granted approval for the MSF kala-azar treatment program and patient-monitoring initiatives. The objectives of these initiatives were as follows: (1) evaluate the effectiveness of liposomal amphotericin B for successful treatment of visceral leishmaniasis; (2) assess the drug safety; and (3) based on the findings, recommend future study options for furthering the evidence base for optimum dosage of liposomal amphotericin B.
MATERIALS AND METHODS
Study location and participants. We conducted this observational cohort study from July 2007 to May 2008 at Sadar District Hospital, which serves approximately 2.2 million inhabitants of Vaishali District in Bihar, India. The patient sample size was set at 250, which is sufficient, with an expected 10% loss to follow-up, to detect a treatment success rate of 95% with ± 4% precision.
Patient inclusion criteria were defined as follows: (1) clinical symptoms consistent with kala-azar, (2) ≥ 2 years of age, (3) residence within Vaishali District, (4) provision of written informed consent, and (5) a positive rK39 rapid diagnostic test (DiaMed-IT-Leish; in northeast India, rk39 has shown 99% sensitivity and 100% specificity with whole-blood samples) or a parasitological diagnostic test result. Patients excluded from the study were those with (1) post-kala-azar dermal leishmaniasis, (2) prior treatment of current kala-azar infection with ≥ 20 mg/kg of liposomal amphotericin B, (3) known allergic reaction to amphotericin B, or (4) human immunodeficiency virus, tuberculosis, or malaria co-infections.
Consenting patients provided 8-12 μL of whole blood, the amount required for rK39 Leishmania antibody detection. The rK39-negative patients were classified as non-kala-azar cases and reexamined for an alternative illness. If kala-azar clinical suspicion remained, patients were transferred to RMRIMS, based in Patna (the Bihar State capital), for parasitological analysis by splenic or bone-marrow aspiration. Parasitologically confirmed patients returned to Sadar District Hospital for study enrollment, whereas negative patients remained at RMRIMS for alternative illness diagnosis.
Study procedures. Enrolled patients received a total dose of 20 mg/kg of liposomal amphotericin B intravenously at 5-mg/kg doses on days 0, 1, 4, and 9. Each 5-mg/kg dose was initially constituted with sterile water and diluted with 5% dextrose to achieve a final concentration of 0.50-2.0 mg/mL, and then, it was administered over 2 hours. Patients were hospitalized throughout the 10-day treatment course and evaluated daily by kala-azar-experienced clinicians. Paromomycin, donated by the Institute for OneWorld Health, was made available as a second-line treatment in the event of treatment failure.
After receiving the final treatment dose on day 9, the patient was discharged and requested to return to the Sadar District Hospital for scheduled 3-and 6-month follow-up visits for clinical assessment. Patients were followed for 6 months, because most kala-azar treatment relapses occur during this period. 26 An MSF medical team conducted active follow-up if a patient failed to return for his or her scheduled visit. The medical team consisted of two kala-azar-experienced health professionals who visited the patient at his or her residence to conduct a clinical evaluation to determine treatment success or failure. If the patient was not located, an alternative time was arranged to return to the household within the following 7 days. If the patient was not located within the arranged time, a lost to follow-up outcome was assigned.
Study variables. Patient demographics and clinical history were recorded at study enrolment (day 0). Demographics included age, gender, caste, and pregnancy status for women of childbearing age between 12 and 44 years. Clinical history included self-reported number of weeks ill with current kalaazar symptoms and any prior antileishmanial treatment received for current kala-azar infection.
Clinical characteristics, assessed at study enrollment, end treatment (day 9), and 3 and 6 months after treatment initiation, included kala-azar symptoms (fever, asthenia, weight loss, anemia, and splenomegaly). Fever was defined as auxiliary body temperature ≥ 37.5°C. Asthenia, a self-reported weakness or loss of strength, was recorded as present or not. Nutritional status was monitored using a mid upper-arm circumference measurement (MUAC; mm) and body mass index (BMI) for adults ≥ 17 years and BMI percentiles for children and adolescents ≤ 16 years. BMI was calculated using weight (kg) versus height (cm) comparisons (kg/cm 2 ). Plotting the BMI on the 2000 Centers for Disease Control and Prevention (CDC) age-for-growth chart generated BMI percentiles. 27 Anemia was defined as a hemoglobin concentration in grams per deciliter of blood (g/dL) < 11 for all patients, except males ≥ 17 years, who were defined as anemic if hemoglobin was < 13 g/dL. Splenomegaly was defined as a palpable spleen, measured in centimeters. Patients self-reported other medical problems (e.g., cough, abdominal pain, and diarrhea).
The occurrence of adverse events was used to assess drug safety. Adverse events were monitored during the infusion of the medication and daily over the 10-day treatment, and they were graded using Common Toxicity Criteria. 28 Adverse events were defined as clinically apparent symptoms, reported by a manufacturer-sponsored clinical trial and judged by a kala-azar-experienced clinician, to be associated with liposomal amphotericin B treatment. 29 Biochemical laboratory tests and electrocardiograms were not performed for adverseevent monitoring.
Treatment outcome, the measure of drug effectiveness, was evaluated at end treatment and 3 and 6 months after treatment initiation. Treatment success was defined as the absence of kalaazar symptoms and improvement in clinical characteristics, as judged by a kala-azar-experienced clinician. Likewise, treatment failure was defined as the presence of kala-azar symptoms or non-improvement in clinical characteristics confirmed by a positive bone-marrow or splenic aspirate at end treatment or anytime during the 6 months after treatment initiation. Relapse was a type of treatment failure occurring after an initial success was achieved at end treatment. Default was defined as not completing, for any reason, the 10-day treatment course. A patient was considered lost to follow-up when unavailable for clinical assessment at day 9 or 3 or 6 months after treatment initiation.
Treatment success rates were calculated according to intention-to-treat (ITT), per protocol, and worst-case ITT scenario analyses; these approaches were used to estimate treatment efficacy in human African trypanosomiasis trials. [30] [31] [32] An ITT analysis considered relapses and all deaths as failures; successes included lost to follow-up patients considered cured at least one time without a relapse. A per protocol analysis considered only relapses and deaths clinically attributed to kala-azar as failures. A worst-case ITT scenario analysis considered all relapses, deaths, and lost to follow-up patients as failures.
Data analysis. Data were entered in Microsoft Excel and analyzed on SAS software (version 9.2; SAS Institute, Cary, NC). McNemar χ 2 tests detected differences between paired proportions. Repeated measures t tests were used to compare the mean difference in the measure of continuous variables before and after exposure to the treatment variable. It tests the null hypothesis that the differences between a series of the paired observations comes from a population whose mean is zero. For example, the difference between hemoglobin concentration measured at study enrollment and end of treatment was calculated for each patient. The repeated measures t test was used to determine if the mean difference was significantly greater than zero. P values < 0.05 were considered statistically significant.
RESULTS
A total of 251 kala-azar-confirmed patients were enrolled in the observational cohort ( Table 1 ). All reported Vaishali District residence. Patients' ages ranged from 2 to 65 years; nearly one-half (45.8%) were adults (≥ 17 years), and 10.8% were children ≤ 5 years. Males constituted the majority of the cohort (58%); the male:female ratio was 1.4:1. Pregnancy was noted for 3 of 46 (6.5%) women of childbearing age.
The mean number of weeks before study enrolment that patients self-reported illness with kala-azar-compatible symptoms was 6.2 [standard deviation (SD) ± 4]. Nearly 20% of patients had been ill for 9 weeks or longer. At enrollment, in congruence with the used clinical-case definition, nearly all patients presented with an enlarged spleen and fever (98.8% and 96.8%, respectively). Of 230 patients with a hemoglobin measurement at study enrollment, 97.4% were anemic. Other medical problems self-reported at enrollment were: cough (11.6%), abdominal pain (4.8%), weight loss (4.0%), asthenia (2.0%), and diarrhea (1.6%). Despite having received prior antileishmanial treatment of current symptoms, 31 patients (12.4%) were enrolled with symptomatic and diagnostically confirmed visceral leishmaniasis. Of these 31 patients, 16 received less than the recommended 20 mg/kg of liposomal amphotericin B before study enrolment.
Of 251 enrolled patients, 5 (2.0%) defaulted, because they received fewer than four doses (20 mg/kg) of the liposomal amphotericin B during the 10-day treatment course ( Table 2 ). An anemic (5.1 g/dL) 6-year-old male, who experienced nausea and vomiting during treatment, received only two doses (10 mg/kg) of the drug. Treatment was halted after three doses (15 mg/kg) for an additional three children (≤ 8 years) because of severe, non-life-threatening lip swelling during infusion of the medication. Similarly, a 30-year-old male received only three doses, but the reason for this was not recorded. Despite not completing the full recommended course of treatment, four of the five defaulters were cured at day 9.
During the 10-day treatment course, concomitant upperrespiratory infection, occurring among 39 patients (15.5%), was the most frequent of apparent adverse events experienced. More serious infections of pneumonia were experienced by 16 patients (6.4%). Ten percent of patients experienced nausea and vomiting, 20 (8%) patients experienced diarrhea, and 12 patients (4.8%) suffered from dyspepsia. Three patients experienced epistaxis related to splenomegaly-induced coagulopathy; however, no laboratory tests were conducted. No other bleeding disorders were identified. Incidents of chills/rigor that did not require treatment termination were noted for 8 (3.2%) patients. Fewer than 5% of patients experienced other apparent adverse events: unspecified infections (6; 2.4%), urinary tract infections (4; 1.6%), non-infusion-related rashes (4; 1.6%), hepatomegaly (2; 0.8%), or back pain (2; 0.8%) ( Table 2 ) . Clinical characteristic measurements that quantified treatment effectiveness endpoints are presented in Table 3 . Nearly all patients (96.8%) were febrile at enrollment, but those with fever at 3 and 6 months dropped significantly ( P < 0.0001). Patient nutritional status, as measured by MUAC, improved significantly from study enrolment to follow-up periods. No patient had a MUAC measurement ≤ 135 mm at 6 months follow-up. The mean BMI at enrollment among adults aged ≥ 17 years was 18.3 (SD ± 2.5). By 6 months, their mean BMI was approximately 20.4, an increase from enrolment of 2.1 (SD ± 1.8; P < 0.0001). Children and adolescents ≤ 16 years at enrollment were, on average, in the 19th BMI percentile. Their BMI increased by 19 BMI percentile points at 6 month follow-up ( P < 0.0001).
Patients' mean hemoglobin at enrolment was 7.8 g/dL (SD ± 1.9). Mean hemoglobin concentration significantly increased at each subsequent measurement period (8.7 to 11.8 to 12.1). The percentage of females with anemia dropped from 98.9% at enrollment to 34.3% at 3 months ( P < 0.0001) and 30.4% at 6 months ( P < 0.0001). Likewise, approximately 96% of adult males (≥ 17 years) were anemic at enrollment, and the percentage with anemia decreased, respectively, to 38.8% and 35.7% at 3 and 6 months ( P < 0.0001). The percentage of males ≤ 16 years with anemia declined from 96.7% at enrollment to 31.3% at 3 months ( P < 0.0001) and 25.9% at 6 months ( P < 0.0001).
Compared with enrollment measurements, patients' spleen size reduced significantly by end of treatment and at 3 and 6 months follow-up. At 6 months, the mean spleen size had decreased significantly by 6 cm (SD ± 3.8; P < 0.0001), and spleens were non-palpable for all patients. During the entire follow-up period, negative spleen aspirates indicated parasite clearance for eight patients for whom clinicians sought confirmation for their clinical diagnosis of treatment success (data not shown). Tables 4 and 5 provide treatment effectiveness endpoint data. No treatment relapses were detected during study followup. The ITT analysis included as failure all three deaths during the study time frame, which occurred among children ≤ 8 years, yielding a treatment effectiveness of 248/251 or 98.8% [95% confidence interval (CI) = 96.6-99.8]. The anemic 6-year-old male (hemoglobin value = 5.1 gm/dL) who received only two doses of medication died during the treatment phase. Another child died before his 3-month follow-up visit because of measles. A third child died between the 3-and 6-month follow-up visits, but the reason is unknown. The per protocol analysis 1 considered only relapses and kala-azar-related deaths as failures, yielding a treatment effectiveness of 250/251 or 99.6% (95% CI = 97.8-99.9). Per protocol analysis 1 considered the unknown death as related to kala-azar. Per protocol analysis 2 considered the unknown death as unrelated to kala-azar and found treatment effectiveness to be 251/251 or 100% (95% CI = 98.8-100.0, one sided CI). The worst-case ITT scenario considers all deaths and lost to follow-ups as failures. At 6 months after their treatment initiation, 204 of 251 study participants were clinically determined to be free of kala-azar (81.3%; 95% CI = 75.9-85.6). χ 2 and Student paired t test analyses indicated that patient demographics, clinical history, and characteristics of lost to follow-up patients ( N = 44) and those who remained in the study did not differ significantly with regard to age, gender, caste, nutrition status, previous antileishmanial treatment received, number of weeks ill, or studymonitored dosage of liposomal amphotericin B received (data not shown).
DISCUSSION
This observational cohort study used patient clinical data to evaluate the effectiveness and safety of liposomal amphotericin B for successful treatment of kala-azar in Bihar state, India. High cure rates (99.6% per protocol analysis treatment success rate) indicate that a total dose of 20 mg/kg body weight of liposomal amphotericin B, administered intravenously at 5 mg/kg doses on days 0, 1, 4, and 9, is a highly effective treatment of kala-azar under routine program conditions in Bihar. Per protocol analysis of 251/251, indicating 100% treatment effectiveness, cannot be confirmed because of insufficient data on one child who did not present for 6 month follow-up. The MSF team attempted to trace the child; however, the family had relocated, and neighbors reported that the child had died. There is no confirmation of this death or reason to suspect the death was related to kala-azar or the treatment. Table 3 Number and frequency or mean and standard deviation of patient clinical characteristics at enrollment, end treatment, and 3-and 6-month follow-ups at Sadar District Hospital, Vaishali District, India To evaluate treatment safety, we assessed apparent clinical adverse events experienced during the 10-day treatment course. Nearly one-half of patients experienced mild adverse events; 1% of patients experienced severe, non-life-threatening lip swelling. Minimal adverse events indicate that liposomal amphotericin B is a safe treatment. We also found that liposomal amphotericin B is safe and effective for pregnant and lactating women and children; we successfully treated 3 pregnant and lactating women and 27 children.
A common limitation of previous studies seeking to show the efficacy and safety of liposomal amphotericin B was the low number of enrolled patients. Additionally, efficacy and safety have not been assessed through a phase III trial. Our 251 patient cohort study was unique to Bihar, India in that 20 mg/kg of liposomal amphotericin B was used as first-line treatment of primary kala-azar on a large scale and outside the framework of a clinical trial. Our study had sufficient power to detect true liposomal amphotericin B treatment success rates, which corroborated previous reports of liposomal amphotericin B efficacy, effectiveness, and safety at varying dosage. 15, [19] [20] [21] [22] [23] Our study has potential limitations. Our prospective cohort was managed and followed-up under field conditions; hence, rigorous biochemical monitoring of adverse events was not undertaken, and patient follow-up was limited to two visits during a 6-month period. However, previous studies have shown the biochemical safety of AmBisome both in vitro and in vivo . 20, 33, 34 Follow-up for the 251 patient cohort was attempted, and study conditions accurately reflect routine program circumstances at the Sadar Hospital, making it a reasonable measure of feasibility in a field-hospital setting. This is particularly relevant in Bihar where kala-azar is endemic in health resource-poor areas and biochemical testing facilities are not always available. A total of 44 (17.5%) patients were lost to follow-up. There is no reason to believe that patients with poor outcomes were selectively lost to follow-up. We found no systematic differences in risk factors with regard to age, gender, caste, nutrition status, previous antileishmanial treatment, number of weeks ill, or study-monitored dosage of liposomal amphotericin B received among the group whose outcome was determined in the follow-up period and the 44 patients who were lost-to-follow-up.
The results of our study show that liposomal amphotericin B at 20 mg/kg is a safe and effective treatment of kala-azar in Bihar, where other existing treatment regimens are complicated by drug resistance, toxicity, and teratogenicity. On the basis of these findings, we recommend adoption of liposomal amphotericin B as a first-line treatment of kala-azar across endemic areas of India, where possible. However, the exorbitant cost of treatment is a formidable barrier to widespread use. The current preferential cost of a 50-mg vial of AmBisome is 20 USD. 16 Complete treatment requires 16 vials of medication for a 40-kg adult and costs 320 USD. Impoverished patients in high-prevalence regions are currently unable to afford a complete treatment course of liposomal amphotericin B.
A lowered dosage and shorter treatment course could broaden access to treatment by lowering drug-procurement and hospitalization costs and reducing the number of lost workdays for patients and caregivers. Lowering dosage to 15 mg/kg or 10 mg/kg is a possibility, and hospital stays could be halved if dosage is reduced by just 5-15 mg/kg. (It may be noteworthy that five patients enrolled in our study did not complete the full recommended treatment course and instead, received either 10 mg/kg or 15 mg/kg only. Four of these patients were cured). Alternatively, if the current dosage of 20 mg/kg is maintained, hospital stays could be shortened by changing the treatment regimen from days 0, 1, 3, and 9 to 1, 2, 3, and 4. However, some patients may continue to benefit from a longer hospital stay (e.g., those requiring parenteral antibiotics for concurrent bacterial infections or nutritional therapy for severe malnutrition).
Treatment using combination therapies could also reduce costs. A reduced dosage of liposomal amphotericin B, combined with a partner drug, might be effective for successful treatment. It would also protect the drugs from parasite resistance. Moreover, patients with primary kala-azar and manageable clinical manifestations could benefit from an ambulatory delivery of the combination treatment, which could be administered through outpatient consultations, thereby reducing hospitalization time for some patients. For example, on day 0, patients would receive a thorough clinical examination followed by on-site treatment and a day 9 post-treatment clinical assessment. A combination treatment trial is currently being evaluated by the Drugs for Neglected Diseases initiative.
In the interim, a recent phase III trial evaluating 10 mg/kg of liposomal amphotericin B as a single dose showed noninferiority compared with conventional amphotericin B. 24 Single-dose treatment would likely broaden the access to treatment of impoverished people. The consensus among experts in Bihar is that 10 mg/kg single-dose first-line treatment should be prioritized for implementation in all endemic areas in India. Implementing AmBisome at 10 mg/kg as a single-dose treatment and/or as a component of combination therapy under routine program conditions, in conjunction with a monitoring and evaluation initiative, would advance knowledge regarding 
